Abstract. We investigate the possibility of acquiring information on the generalized parton distribution E and, through a model for E, also on the u-quark total angular momentum Ju by studying deeply virtual Compton scattering and hard exclusive ρ 0 electroproduction on a transversely polarized hydrogen target at HERMES. It is found that a change in Ju from zero to 0.4 corresponds to a 4σ (2σ) difference in the calculated transverse target-spin asymmetry in deeply virtual Compton scattering (ρ 0 electroproduction), where σ is the total experimental uncertainty.
Introduction
Over more than 2 decades, inclusive and semi-inclusive charged lepton scattering has been used as a powerful tool to successfully study the longitudinal momentum structure of the nucleon, which was parameterized in terms of parton distribution functions (PDFs). Hard exclusive reactions can be described in the theoretical framework of generalized parton distributions (GPDs) [1] [2] [3] [4] [5] . Their application became apparent after it was shown [6] that measurements of the second moment of the sum of the "unpolarized" GPDs H and E open, for the first time, access to the total angular momentum of partons in the nucleon:
In this relation, also known as the Ji sum rule, H a (x, ξ, t, Q 2 ) and E a (x, ξ, t, Q 2 ) denote parton spin-nonflip and spin-flip GPDs (a = u, d, s), respectively.
1 GPDs depend on the fractions x and ξ of longitudinal momentum of the proton carried by the parton and on t = (p 1 − p 2 ) 2 , the square of the four-momentum transfer between initial and final protons (Fig. 1) . As ordinary PDFs, GPDs are a e-mail: vinnikov@ifh.de 1 Throughout this paper the GPD definitions of a recent review [7] are used. also subject to QCD evolution. Their Q 2 dependence has been perturbatively calculated up to next-to-leading order in α s [8] and is omitted in the notations throughout the paper.
Recently, a simultaneous description of the transverse spatial and the longitudinal momentum structure of the nucleon was shown to be an appealing interpretation of GPDs [9] [10] [11] [12] . The concept of GPDs covers several types of processes, ranging from inclusive deeply inelastic lepton scattering to hard exclusive Compton scattering and meson production. Measurements of GPDs are expected to shed light especially on the hitherto theoretically uncharted territory of long-range ("soft") phenomena where parton-parton correlations are known to play an important role.
A drawback in the determination of GPDs from data on hard exclusive reactions is the model dependence of the extraction procedure. Indeed, in distinction from ordinary Fig. 1 . In the parton picture, GPDs describe correlations between two partons with different longitudinal momenta at given Q 2 and t, where t = (p 1 − p 2 ) 2 also contains transverse degrees of freedom PDFs, the GPDs usually enter into physical observables integrated over one of their variables. Therefore, their functional form cannot be determined from the experiment and has to be imposed based on model expectations. Then, the model parameters can be fitted to the data. The eventual determination of GPDs will require a worldwide combination of data into a global analysis, very much as has been customary for decades in the determination of ordinary PDFs.
The first steps toward the extraction of the GPD H have already been performed by scattering leptons off unpolarized protons through measurements of either cross sections [13, 14] or cross-section asymmetries with respect to beam charge [15] or beam spin [16, 17] . Future measurements of the transverse target-spin asymmetry (TTSA) in hard exclusive electroproduction of a real photon (deeply virtual Compton scattering, DVCS) or a vector meson offer the possibility of acquiring information on the spin-flip GPD E. The most promising experiments to access it are those running at intermediate energy, where the spin-flip amplitude is expected to be sizable, while at higher energies it is suppressed due to s-channel helicity conservation. Thus at present a realistic program may be envisaged for HERMES, CLAS, and, possibly, COMPASS. In this paper the prospects are discussed for HERMES measurements of TTSAs in DVCS and ρ 0 electroproduction and in particular their sensitivity to the u-quark total angular momentum.
Modeling generalized parton distributions
GPDs are most commonly parameterized using an ansatz based on double distributions [21, 22] complemented by the D-term [23] . Factorizing out the t-dependence, the nonforward GPDs can be related to the ordinary PDFs and the proton elastic form factors. In this framework [18] , the spin-nonflip GPD H is given by (2) where κ p = 1.793 is the proton anomalous magnetic moment and m is the proton mass. The neutron Dirac form factor is neglected compared to that of the proton.
For quarks, the t-independent part of the GPDs H q is written as
where
is the D-term and H DD q is the part of the GPD that is obtained from the double distribution (DD)
For the double distributions the suggestion of [21] is used:
where the profile function is given by [22] h(β, α) = Γ (2b + 2) 2 2b+1 Γ 2 (b + 1)
For β > 0, q(β) = q val (β) +q(β) is the ordinary quark density for the flavor q. The negative β range corresponds to the antiquark density: q(−β) = −q(β). The parameter b characterizes the extent to which the GPD depends on the skewness ξ. In the limit b → ∞ the GPD is independent of ξ, i.e., H(x, ξ) = q(x). Note that b is a free parameter for valence quarks (b val ) or sea quarks (b sea ) and thus can be used as a fit parameter in the extraction of GPDs from hard electroproduction data [24] . For gluons, the t-independent part of the GPD H g is directly given by the double distribution
with the same form of the profile function in the double distribution
The t-dependence for gluons is taken to be the same as that for quarks. The factorized ansatz (2) is the simplest way of modeling GPDs. However, experimental studies of elastic diffractive processes indicate that the t-dependence of the cross section is entangled with its dependence on the photonnucleon invariant mass [25] . Recent evidence comes from lattice QCD calculations [26, 27] and phenomenological considerations [19, 20] . The nonfactorized ansatz can be based on soft Regge-type parameterizations. In this case, the t-dependence is not factorized out and not controlled by a form factor as in (2). Instead, it is retained in (3), (4), and (7). The t-dependence of double distributions is then modeled as [18] F q,g (β, α, t) = F q,g (β, α) 1 |β| α t ,
which is referred to as Regge ansatz in what follows. Here α is the slope of the Regge trajectory, α q = 0.8 GeV −2 for quarks, and α g = 0.25 GeV −2 for gluons. The other GPD necessary to access the total angular momentum of partons in the nucleon [see (1)] is the GPD E. In the present paper a simple model [18] is used for the parameterization of the spin-flip GPD E. Despite its simplicity, it satisfies the constraint of polinomiality and gives the right values for nucleon magnetic moments. A known drawback of this model is the violation of the positivity
